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AIR SURVEY FOR DEVELOPMENT 


X. Introduction. “'I’lie ohjoct of this pamplilct is to outline the use and limitations of 
nir pljotography and air survey in relation to development projects. 

Nearly every project n^quin's survey before any useful planning can be done. 

For some prt)joct‘; the cxi'^ting {opograi)hical map sheets of the Survey of India on tho 
scab* of 1-ineh or |-ineU to 1 mile are enough to start with but in most cases fresh Burvo3's on 
larger scales l>eeome necess^try sooner or later. 

The Survey of India is fa^t ex[)anding to meet post-war needs in India but economy in 
stirvey prt>c*‘S‘i{*s will be necessary for some time to come. 

For many puriW‘'es air survey effects gn*nt economy whilst nflording adequate results 
which may l>e available very quickly. 

In other ra^e^ grcnind .survey or a eombiimtton of air and ground survey may bo 
preferable. 

The Survey of India is glad to advise (tn the most effeetive and economical type of 
survey for any particular purpo^, on roquest. 

Tiie<e notes indicate the information wliirh should l>c given in making demands and 
illustrate some metho<ls of the application of nir photogniphy and air survey to practical 
planning. 


2. Organization. — In luldition to the maintenance of ordinary topographical maps 
of India the .Survey of India has parties or^ at need hjnns special parties, witli the approval of 
the Government of India, to undertake special surveys for development. 

Many projects an* already in Imnd but new demands are eonstanlly being dealt with 
and photograpliic facilities %vlncli can Iw turned to the purjKise of oirsurvcy.s nro available. 

All encpiines concennng air pbotograjihy and air survey sbould be made to the 

patre , 1, " ■ \\!jur ji,ii t .do ubt .. a - T 6 forenpo -e houkl ~ fi esF 
Deputy Surveyor fJeneral, Old Secrelarint, Delhi. 

The enquiry should state the scojk* of the project, the particular aspect or aspects of 
project planning for which the survey is rorpiirod and scales which it is suggested may bo 
suitable. The target dat«* f(»r completion should abo Ik* stated if the matter is urgent. 

3, Air Photof^raphs, — ^'rfw hasi« of air stirv«‘y is nir photographs and usually these arc 
taken with the aerial rainera {Hunfing vertiecilly downwanls. For a few highly sjrecializcd 
uses, plmtographs are taken with the camera }Hanting away from the vertical but, in general, 
tbfw» nn* only of value for the pictorial effect ami for juiblicity ptir[H>so8 and an* not furtlier 
considered Ii“n*. 

Verti{*al air photograjdis soniewliat ^‘^emb!e an ordinary Hue-map if the ground photo- 
grajjh(*d itr flat. The scale rlcjs'uds on the height nhove ground from which tlie photograph 
was t.nken and the focal leiigth of the lens it^ed. 

Photographs differ fnan a llne-ninp in the f(»llowiug rospc'cts ; — 

( i ) One photognqjh only eitvern a limited nn'n. 

( ii ) IJiilesi, the area is Hat the senh* varies. 

{ iii ) .*<rnall Init important feat tiros may Im* invisible unh'ss the scale is very largo, 
{ iv ) 'I’rocs obnciiro featnros lK*nenfIi them. 

{ v ) (Siiadows may obscun’ detail although they may help to identify tall thin 
olijeetw such ns ]iyIons, chimneys and telegraph ])oles. 

( vt ) Bnildiugs ob^enro detail at llieir foot when they an* away from the centro 
of tlie photograph. 

(vit) fane-mrifK ran roadily be annotated witli planning notes: photographs 
are h's^ Huitable for thiK. 


Nevertheless, for some pur|K)«e.s, sirnfile photographs sufiiee for preliminary planning 
and take very* much le^ s time to product* than line-maps : they art* useful for crop investi- 
gation**, foiT*«tn% getdogical sur\‘eys, arclueological Hur%*ey.s, soil conservation, or to illustrate 
where works aro necesmiry. 


4 . Enlargements and rectifications.— Piiotograpljs of fiat ground taken Avith special 
care, can \uth tin- aid of a minimum of ground mca'^iirements, be rectified to form photo-maps 
of sufficient acctiriicy for precise measurements for making revenue records and for town 

plamiiug or factory lay-out. , , . * -n , ^ r 

TJje cost of photography increases very much as tiie scale increases, Jiuiargement ot 

small scale negatives to huger scale prints, however, affords a means of getting a larger scale 
and hence clearer pictures at a cost considerably less than that of direct photography at the 
larger scale. Up to 2’ times enlargement generally gives satisfactoiy results : beyond that, 
clarity diminishes. 

" I'lnlargcmcnt is therefore often resorted to and is particularly useful when small scale 
photographs will do for general planning purposes over a wide area within which larger scale 
j)rints*of selected areas are needed for more detailed study and can be produced by enlargement 
from the small scale negatives. 

5. Air-photo mosaics. — Air photographs of flat ground can be fitted together and 
stuck down to form a mounted mosaic for use as a plioto-map of larger areas than can be 
covered by a single photograph. These may be specially useful for factory lay-out or river- 
training. 

Satisfactory mosaics of liilty or mountainous country cannot be made because the land 
at difierent elevations in the same photograph varies in scale. This gives rise to a compli- 
cated distortion of the ground surface appearing in the photograjjh and in attempting to 
mosaic some land is duplicated and some is lost. Such photographs can only be converted 
to useful maps by suivey plotting. 

As a partial exception to this, mosaics of j>rox)Osed hill-reservoirs can be x^repared when 
the total do2)th of the rcserv’‘oir is small compared with the height of the ifliotogi'apliic aircraft. 
In Midi cases, the area of importance ( the reservoir area ) iihotographs nearly flat and permits 
mosaicing and contours can be added which permit of capacity calculations to witiiin a small 
percentage of error but the area outside the reservoir zone is subject to larger eiTors and cannot 
be used for calculations. 

6. Stereoscopy. — A stereoscopic view, that is to say a view in relief, is obtainable 
from two photographs of the same object taken from different angles. This principle is 
applied in air photography for sur\’ey and offers two advantages : — 

( i ) It enables tlic nature of objects to be accurately determined ; 

( ii ) It enables the shape of hills to be seen and, accordingly, contouring to be 
(lone wlicii height control exists on the ground. 

Air jihotography for map making is therefore taken so that every bit of countrj^ to be 
ina])ped is covered by at least two adjacent photographs. This is done by taking photographs 
in straight strips .so regulated that eacli photograph on a strip overlaps the next by more than 
Imlf, 

For planning for development, “ stereoscopic jiairs ” of photographs can be supplied 
for examination by the planners and, generally speaking, a little practice makes them easily 
readable to any one of normal good vision ( see page IG ). 

7. Line-maps from air photographs . — A line-map from air xflmtographs is not differ- 
ent in e^isentials from a line-map prej>arcd by ground surArej- methods but in some circums- 
tances it has advantages. 

Piiotograx^hs can be ra])idiy taken at suitable seasons and the accessory work required 
on the ground is limited to xflan and height -control and entry of information not seen in the 

photograph. Onco these are done anv portion of the work can be taken up in the office at 
Arilk 

Moreover in certain types of terrain, line-maps from air photographs of accuracy 
equivalent to or even bettor than maps from ground sunrey can be made more quicldy. 

riiore arc two stages in line-mapping from air photographs after the photographs have 
been taken and accessory ground work done and certain preliminary office w’ork has been 
CO in tile ted. 

The first is the mapping of detail or planimetry and the second is the mapping of the 
ix'hef or orography. 
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Tliis i? often convenient for the indentor who may be able to make considerable use 
of ihc ])lniuinetry alone and this is generally ready considerably in advance of the contours 
Avhich are iFed to show I'clief. 

8. Illustrations. — ^The following pages illustrate n few selected examples of the uses 

to which air photograpliy and air survey can be put. 

Xo indication of cost is given since, apart from variations in cost of material and labour, 
every task has special conditions which cause actual cost to vary between wide limits. 

K<ti(nafes will be provided hy 4iog to aa i JDiivctorg . for any task on application but final 
charges an* bii’^ed on actual costs. 

9. Special Note. — Uoproductions of air photographs in this pamplilct are litho- 
graphie “half-tones ’’ in wliich clarity is considerably less than the clarity of photographic 
bromide prints which are normally supplied to indenlors for planning purposes. 

Lithoirrapliic half-tones an* only made when large nurahers of prints arc required for 
publicitv or infoniiation of tliosc wlio are not required to plan constructively. 

The photograpli^: were taken by the Indian Air Sur\’ey and Transport Co. Ltd., Diim 
Duiii. The^c and the maps are reproduced with acknowlcdgcment.s to tlic respective 

indentors. 
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IRRIGATION & HYDRO-ELECTRIC PROJECTS 
( Reservoir Investigations ) 

Por irrigation projects it may be necessary to form a rapid preliminary appreciation 
"to determine whether a project is worth pursuing at all. In such investigations the probable 
capacity of potential reservoirs is clearly important. 

This information can be obtained most rapidly and cheaply in the majority of cases 
from contoured mosaics from which capacity can be calculated to an accuracy of about 6%. 

Once tlie decision as to location of the reservoir has been taken, a line-map will pro- 
bably become necessar}’^ for more precise calculations as well as for detailed planning and 
examination of what will be submerged. The illustrations opposite show a contoured mosaic 
of Erinpura Reservoir in Jodhpur State on a scale of about 6-inches to 1 mile with contours 
at 10 ft- vertical interval and, overl3dng this, the line-map subsequently prepared from the 
photography used for the mosaic. 

Scale and contour interval should be selected according to the terrain. As a rule a 
scale of 4-inches to 1 mile will do, the contour interval depending on the steepness of slope. 
In very heavily wooded country, supplementary ground work may be considerable and in 
some cases ground survey alone may be preferable but is generally too expensive to embark 
■on for provisional selection of reservoirs. 
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IRRIGATION AND HYDRO-ELECTRIC PROJECTS ( DAMS ) 

Maps for Dam sites are usually needed on a scale of at least 16-inches to 1 mile. 

Maps on this scale can be made from 16-inch enlargements of air photography on about 
scale 6-inches to 1 mile. Contour intervals are usually at 5 or 10 ft. vertical interval accord- 
ing to the terrain. 

Maps on 32-inch scale can be made from 12-inch photography enlarged. Such a large 
scale is usually only necessary in the high hills where the contour interval may be greater. 

The illustration opposite shows part of the map prepared on scale 3 2 -inches to 1 mile 
with 20 ft. contours for detailed investigation of the KOSI Dam, ( Nepal ). 

For engineering purposes, still larger scale maps are needed but air survey is not suit- 
able for these. 
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IRRIGATION PROJECTS ( Commanded areas ) 

Survey for irrigation projects, including canalisation, reclamation of spoilt land and 
flood control have assumed particular importance in recent times. 

Such surveys have hitherto been carried out entirely by ground survey. 

Surveys for numerous major projects of this nature are now in hand and are, in most 
cases, being done by a combination of air and ground survey. 

No illustrations are yet avtailable but an illustration will shortly be issued to insert 
opposite. The accepted scale for such surveys is usually 4-inches to one mile. Contour 
interval varies between 1 foot and 5 feet depending on the nature of terrain. 
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PRELIMINARY TOWN-PLANNING 

Por development of urban areas a necessary preliminary is often a map on medium 
scale of 4-inches or 6-inches to 1 mile. The illustration opposite shows a portion of New 
Delhi on the scale of 6-inches to 1 mile with contours at 5 ft. vertical interval. 

The planimetry ( detail ) was prepared by air survey based on ground-control, con- 
tours being added by ground survey on working prints of planimetry. 

As a rule the 4-inch scale is likely to be adequate for this purpose and the contour 
interval would vary depending on the type of terrain. 












TOWN PLANNING 


For more detailed planning than can be done on a medium scale map as in the previous 
illustration, maps on scale IG-jnches to 1 mile are likely to be required. As a rule the ex- 
penditure on production of line-maps at this scale, prior to planning, is probably unjustified 
since the survey would have to be completely revised after development. 

For this purpose, therefore, the map may well be aphoto-map. The illustration opposite 
shows part of Delhi on the scale of lO-inches to 1 mile. 

Large mosaics are usually mounted on masonite boards which can be cut into con- 
venient sizes for handling, the various sections being butt-jointing. In the unlikely event of a 
large number of such mosaics being required copies could be printed by the lithographic half- 
tone process in any number required but more usually a few copies are only likely to be necessary 
and these can be prepared on photographic bromide paper. 

Mosaics such as the above are only recommended in flat areas and even then accurate 
measurements ’from them cannot be expected. Where accurate measurements are necessary 
rectified enlargements of individual prints on 16-inch scale are necessary similar to those 
illustrated opposite page 11. 
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TOWN SURVEYS 

Although as stated on the pi'cvious page, expenditure on large scale line-maps for 
planning is usuallj’’ unjustifiable in areas hable to much change, extra large scale sun’'e3's which 
may subequently be useful as basis for record of property rights may well be desirable and 
may justify expenditure at planning stage. 

The map opposite shows part of the Town Survey of a partially developed area of 
Lahore on the scale of 100 ft. to 1 inch ( 52 -S-inches to 1 mile ). This was done entirely by 
ground survey. 

Similar survey is now in hand of undeveloped areas of New Delhi but, in this, a method 
combining air and ground survey is being used for detail whilst contours are being done entirelj' 
by ground survey. 

Surveys on scales yet larger than this ma}" be needed in congested developed areas but 
air survey is not recommended for such larger scales. 
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CROP INVESTIGATION 

In flat country areas can be taken out from unrectificcl prints of pliotographs, which 
have been taken with particular care, by tracing on a talc overlay. The areas are extracted 
from the overlaj?^ with an acre comb and multiplied by the factor for tlie photo scale. Accuracy 
for small areas should be to about 5% and for large areas to about 2%. 

A suitable scale for photography is about 2-inclies to 1 mile for enlargement to 4-inche5 
to 1 mile for taking out areas. The method is usually confined to compact areas. TJie illus- 
tration opposite shows an unrectfied print on an approximate scale of 4r-inches to 1 mile. 

Experiments are in hand to determine 'whether the tj'pes of various standing crops 
can be ascertained solelj’’ bj’^ interpretation of air photographs. If this proves feasible it may 
be possible to use photographs to forecast crop j-ield in Habi and Kharif areas by “sampling^'. 
That is to say by taking photographs of small selected representative areas and applying the 
statistics obtained to -wider areas in the same locality. 
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REVENUE SURVEYS 

The illustration opposite is a rectified enlargement on the scale of 16-inches to 1 mile 
prepared from an air photograph on the scale of 6-inches to 1 mile. Such prints are usually 
-supplied on non -distorting paper probablj?^ based on foil or zinc for use in the field as a 
vi 2 isavi. The field ■work is subsequently traced and printed for use as a revenue line-map. 

In flat country, this type of survey is as accurate as ground survey but needs a good 
deal of ground control as basis for rectification. 
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MINERAL SURVEYS 

In conjunction witii the Geological Sun^ey Department, surveys are carried out for 
exploitation of mineral deposits. 

The scale of 1/25,000 (about 2J-inches to 1 mile) is usuall}^ suitable; contour interval 
depends on the nature of the terrain. 

The illustration opposite is a line-map on 1/25,000 scale with contours at .50 ft. vertical 
interval in the sulphur-mine area of KOH-I-SULTAN, Chagai District, Balucliistan. 
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SOIL CONSERVATION 

The necessity for nnorostatioii and/or “ bunding ’* to counteract soil-erosion is too 
well recognised to need emphasis. Air photograpliy forms a cheap and easy means ofproviding 
data for planiung anti-erosion measures. As a rule photograpiis alone will do and no special 
survoy is necessary although key maps mar' be neeessar}’ for systematic record of planning 
measures and special levelling on the ground may be necessary for “ bunding ”. 

Tlie envelope opposite contains a stereoscopic pair of enlargements on the scale of 
4-inchcs to 1 mile (from photography on scale 2-inches to 1 mile ) of part of the Lachiwnla 
Forest near Dohra Dim. 

The print opposite shows eroded land near Snkho, Gujnr Khan Tahsll, Punjab on the 
scale of 2-inches to 1 mile. JTosaics on about 2-inch scale are useful for a general consideration 
of anti -erosion measures and 4-inch enlargements are recommended for stereoscopic examina- 
tion of areas selected for afforestation or “ bunding 
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ROAD OR RAIL ALIGNMENT 

Generally speaUiiiir. for road or rail nlignincMit, (‘xaniination of the best available 
toi>ograplncal iiiap.^ vriW give sufiiclent information for selection of a few probably practicable 
alicniuoiits. 

w 

When this has been done, air photography on a scale of about 2-inclics to 1 mile of the 
alternative alignments for i)roflnction of j)rints for stcrc'oscopic examination, will probably 
he enough to carry selection of ultimate alignment to the road/rail engineering survey stage 
which Is carried out by the constructing stntT. Enlargements of selected areas are useful for 
detailed examination. 

In the envelope opposite are enlargements on the .‘{-inch scale whteli can ho examined 
stereoscopieally. 

These show a portion of the Dehra Dun Chakrala road. 

4'inch enlargements arc* nsnally recommended. 

A note on the U'^e of the stereoseope is at page 1C. 
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ANAGLYPHS 

For ro])orts or ot her jnirjioscs ^vJico it is desired to provide ii view in relief on an extensive 
'distribution to those who are not likely to possess stereoseopcs, ANAGT^YPHS are useful. 
These nflord a jnnsonably good view with the aid of clicaj) coloured spectacles which can 
accompany the aiiagly]>h. 

The views op}) 03 ite are anngl 3 ’phs and can he viewed in relief with the spectacles in the 
envelope at the foot of this page. 

The first view is tlic same as the stei-co-photo-pair opposite page 14. 

The second view is part of the KOSI GORGE and is reproduced with the permission of 
the Chairman, Central Watenvaj''s, Imgation and Navigation Commission for whom it was 
originally prepared. 

To view the nnngl^’pii — 

Place the spectacles close to tlie ejes, green to the right eye, red to the left eye. View 
with both e\*eK open, vertically over the anagh'ph, at about 1 8 inches distance. If the appear- 
ance of relief is not seen at once, slowh* inci'ease and decrease tlie distance until relief is sharp. 
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STEREOSCOPIC EXAMINATION OF AIR PHOTOGRAPHS 

The photographs should be examined on a table between the examiner and the light 
which, for choice, should be good north daylight. 

2. Draw a line across the table, longer than the stereoscope and at a comfortable 
distance. 

3. Place the photographs so that the white line on each print falls exactly over tlic 
line on the table, photograph marked LEFT to the left, photograph marked RIGHT to the 
right and both the same way up as the lettering. { The white line is merely a line drawn from 
the photo-centre along the line of flight ). 

4. Place the. stereoscope over the photographs. 

5. Select some easily identifiable feature which is common to both photographs, 
such as a stream bend or junction. Place a finger below this feature on each photo and, 
looldng through the stereoscope, move the ijhotos laterally, inwards or outwards still keeping 
the white line on the photos over the line on the table until the separate images of the two 
fingers are seen to merge. 

6. Then look at the area around the selected point on the photograph and it will be 

found that the ground shows up in relief. At this stage, relief view may need to bo perfected 
by very minor movement of one photograph. ^ 

7. When the photographs are positioned, weight or pin them down and the stereo- 
scope may be moved as necessary to examine different portions of the overlap. Throughout 
the process, the long side of the stereoscope should be kept parallel with the line on the tabic. 

8. The illustrations in this pamphlet are lithographic half-tone reproductions and are 
therefore inferior in quaht}^ to bromide prints which would be supplied for ]}lanning purposes. 

On the other hand the white lines arc not entered, on the photographs supplied for 
planning purposes but tlieir imsition can be guessed sufficiently well to enable untrained 
persons to place the photographs correctly for stereoscopic view if the proccdui’o described 
in paragraph 5 above is followed. 

In order to ascertain which photograph to place on the right and which on the loft, 
when they are unmarked, simply overlap them so that similar detail corresponds. Tlie prints 
are then in their correct relative position for drawing outwards . If then , on examining through 
the stereoscope, relief is seen inverted, that is to say hills become hollows and hollows become 
hills, overlap them again, hold them together and turn them together completely around 
and then sci)aratc as in jjaragraph 5. Correct view of relief will then be obtained. 



